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I. INTRODUCTION
Low Probability of Intercept (LPI) is an effective means of modern battlefield against a variety of electronic surveillance and interference measures. In modern radar systems, many features are combined together to improve LPI performance of radar. These features focus on performance in the transmitted waveform of the transmitter, beam pattern of the antenna and the beam scanning pattern. To achieve the low interception performance of radar with the aid of the advanced beam scanning mode, and by virtue of the inherent advantages of its antenna pattern has become a new research direction.
Because of its unique advantages such as non-inertial beam scanning, easy and fast beam scheduling and energy management, the phased array radar has been widely used. However, the beam steering of the conventional phase-array radar is fixed in an angle for all the ranges [1] , [2] . If we want to focus the antenna beams in the directions with different ranges, multiple antennas or a multi-beam antenna must be required. To resolve this problem, distributed Multiple-Input Multiple-Output (MIMO) radar is often suggested [3] , but time and phase synchronization becomes a new technical challenge [4] - [7] . Frequency Diverse Array (FDA), also known as frequency re-use radar, it's most important difference from a conventional phased-array is that a uniform interelement frequency offset is applied across the aperture of uniform linear array of antennas, and the use of frequency increment can generate an beam pattern that is a function of range, time, and phase [8] . While the beampattern is coupled in range and angle, the target's range and angle cannot be estimated directly by the FDA radar. In reference [9] , a Uniform Linear Array (ULA) doublepulse Frequency Diverse Array (FDA) radar scheme was been proposed to estimate the range and angle of targets. However, the range and angle information is not estimated simultaneously.
In this paper, we propose a sub-array scheme on the FDA radar, with the aim to locate the target in rangeangle domain. The idea is that the whole FDA linear array is divided into two sub-arrays which employ two different frequency shifts. Since the sub-arrays offers decoupled range and angle response, the range and angle information of targets can be estimated with the subspace-based multiple signal classification algorithms. The sub-array is equivalent to two sets of equations to solve two unknown quantities, and the closed solution of the unknown quantity can be directly determined.
II. FDA RADAR
A Uniform Linear Array (ULA) FDA radar, which is illustrated in Fig. 1 , and assume that the waveforms radiated from each antenna element are identical with a frequency increment of f  Hz applied across the elements. That is, the radiation frequency of the m th element is:
where, 0 f is the radar operating carrier frequency and m is the number of the array elements.
Taking the first element as the reference for the array, the steering vector is given by (2) [10] : 
, which has ignorable impacts [11] . This approximation is suitable for the difference coarray processing mentioned later. The use of frequency increment generates an antenna pattern that is a function of range, time, and phase. The FDA radar can offer a range-angle dependent beampattern, which is of importance as this will cause that targets can be located in the range-angle domain. However, the basic FDA radar cannot estimate directly the range and angle of a target due to the couple of range and angle dimensions.
III. THE PROPOSED RANGE-ANGLE LOCALIZATION METHOD
To decouple the range and angle peaks and estimate both the range and angle of targets, we propose a subarray scheme on the FDA. We divide the whole array into two sub-arrays, each sub-array has M elements and uses different frequency increment, which is illustrated in Fig.  2 ... ... 
The general form of the output model for each subarray is:
where (7) with:
Benefiting from the un-correlation among sources and noises, the covariance matrix of the array output vector in (4) can be formulated as:   
where, I is an identity matrix, (13) Then, the technique of spatial smoothing can be applied for the coherent signal model given by (12) . It is easy to check that ˆi y and Φ are: (12) . 4) Apply subspace based algorithms (Root-MUSIC and TLS-ESPRIT) on R average [12] , [13] , and find the range and angle estimates using (15).
IV. CRLB DERIVATION
In this section, the Cramer-Rao lower bound estimation performance versus Signal-to-Noise Ratio (SNR) is derived. We suppose the observed array output sample is circularly Gaussian distributed with the following mean 12 ( 1)
[1, , , [14] , the parameter vector to be estimated is given by [ , ] T ss r   η [1] . The Fisher Information Matrix (FIM) can then be derived as: 2  1  2  1  1 2  1 3  22  0  1 2  1 3  2  3 2 Re For the source at (20 ,9.6km) , Fig. 3(a) shows that the parameter estimation of the basic ULA FDA radar is a straight line. It means the beam-pattern is coupled in range and angle, the target's range and angle cannot be estimated directly by the basic ULA radar. Fig. 3(b) shows that the parameter estimation of the proposed subarray FDA radar is a point. It means proposed sub-array FDA radar can estimate both the angle and the distance to target, which can locate the target directly. Therefore, from a functional point of view, the proposed sub-array FDA radar is far better than the basic ULA FDA radar. Fig. 5 show, respectively, the comparative CRLB on target angle and range estimates versus SNR, averaged over 1000 Monte Carlo simulations, for 800 T  snapshots, the source locate at (10 ,9km) . It can be seen that the sub-array FDA radar approach gives a satisfactory estimation performance. Also, the TLS-ESPRIT method performs better than the Root-MUSIC. The actual estimation performance can achieve the theoretical CRLB when the SNR is better than 15dB. FDA provides a range-angle beam-pattern, but it cannot estimate directly both the range and angle of a target based on the standard ULA FDA. In this paper, we devise a sub-array scheme on FDA radar for range and angle estimation. The essence is to divide the FDA elements into two sub-arrays, which offer decoupled range and angle responses and target positions can be estimated by the subspace-based algorithm (Root-MUSIC and TLS-ESPRIT). In order to aperture extension, difference co-array is employed in each sub--arrays, and more targets can be distinguished than the physical sensors. The numerical simulation results show that a satisfactory estimation performance can be got. The derived CRLB also can be used to optimally design the sub-array frequency shifts.
